INTRODUCTION
IT is a common observation that identical genotypes show drastic differences in phenotypic expression of quantitative characters when an organism is grown under widely different environmental conditions. More interesting to the evolutionist and breeder are such conspicuous fluctuations in phenotypic expression within apparently homogeneous environments. Genotypic-environmental interactions of this latter type, which presumably result from subtle but nevertheless important variations in micro-environment, have received increasing attention in recent years, both experimentally and analytically. See, for example, discussions by Comstock Dempster Lerner (1958) , and Mather (1955) . The present paper considers some variations in seed size observed in populations of lima beans, P/zaseolus lunatus L., that were grown in an apparently constant environment.
METHODS AND MATERIALS
The populations studied were derived from hybrids between homozygous parental lines that differed in allelic constitution at a number of loci governing conspicuous morphological or colour differences. Each year a population of about 2500 plants was grown for each hybrid. Mass segregation began in the F2 generation and continued until the F7, F8, or F9 generation. Seeding rates, which were those used in commercial practice, produced stands of about 5 plants per foot in rows 30 inches apart. Each year the entire plot of each population was harvested, and a random sample of seed was set aside to establish a plot the next year. No conscious selection was practised at any time. The frequency of various genotypes in each population from year to year was based on a random sample of 4000 to 8ooo seeds from the total harvest of about i oo,ooo seeds produced in each population in each year. Mean seed weight, expressed in grams per ioo seeds, was recorded for each genotype. This sample was found to be adequate to reduce to very low levels any random fluctuations in genotypie frequencies, and in seed size for each genotype.
On the basis of previous experience, the standard error of the mean seed size would be substantially smaller than grm. per 100 seeds. Seed sizes as expressed in the graphs will therefore be within i grm. of the population value (P<oo5).
The plots were irrigated regularly to keep soil moisture well above wilting point, and were weeded but not thinned. Other factors of the environment, such as the date of planting and harvesting, were also controlled. Within any year, the total area of the plot containing all the populations was relatively small so ensuring relatively constant soil conditions. The position of the plot was moved each year, so that some between-year fertility differences could arise, but such effects are thought to be unimportant. Since the summer climate in California is relatively uniform from year to year, the environmental conditions under which the experiment was conducted were as uniform as is likely to be encountered outdoors. The genes mentioned are cc-white seed coat irrespective of the genotype at any other locus.
C-red seed coat. This is a basic colour factor and must be present for the expression of genes P and R. P-purple seed coat, hypocotyl and flower in the presence of C. R-dark-red seed coat and red hypocotyl in the presence of C.
S-changes red, dark-red or purple seed coat to red/buff, dark-red/bufl or purple/buff respectively. The heterozygote Ss produces a diffuse type of mottling, and SS a restricted mottling.
The populations were made up from the following crosses In figs. i-6, the mean seed size of various easily recognisable genotypes is plotted against the year over a period of 5 to 7 years, comprising the F2 to F8 generations. The genetic units under consideration here are undoubtedly not the seed-coat colour alleles alone, but segments of chromosome marked by the seed-coat colour alleles. These units would be expected to vary in size from generation to generation, as a result of crossing-over and other factors considered by Fisher (1949) . Henceforth, these segments are herein identified by the Mendelian symbols of the seed-coat colour alleles by which they are identified, but implicit in this method of identification is the notion that the genetic unit under consideration is a linked block of genes. The term genotype" is thus used in this special sense. The first three of the six graphs (figs. 1-3) are for the same set of genotypes: CSS, CSs, Css, and cc.
In population 65 ( fig. I for each of the same four genotypes from year to year. In this population all genotypes again behaved similarly in any one year, but withinyear variability among genotypes tended to be greater than in populations 65 and 59.
A number of other genotypes were also studied in the same three populations-The pattern of reaction was similar to that of the genotypes plotted in figs. I -3. Apparently the reaction of each population to each season is unique, and the behaviour of one set of genotypes in one genetic background will not predict the behaviour of the same set of genotypes in another genetic background.
Three other populations (figs. 4-6) gave similar results. Seed size is plotted for the genotypes CR, Crr, and cc in population 57 (fig. 4) (ii) Seed size of individual genotypes
In most of the populations, seed size for the cc genotype was smaller than for the remainder of the genotypes. The main exception was in population 6o ( fig. 5 ), in which mean seed size was, on the whole, smaller for the Cpp than for the cc genotype. There were other minor exceptions but usually in only one year (see figs. i, , 4 and 6). The data do not reveal the portion of these differences that is due to the dark red phenotypic classes usually had a larger mean seed size than •did the light red phenotypic class. In population 6i ( fig. 6 ), CP had the largest mean seed size, Cpp was somewhat smaller, and cc was smallest. Thus, C and P both appear to contribute something towards the greater seed size of CP over cc. In population 6o ( fig. ) , however, where Cpp is somewhat smaller than cc, only P appears to contribute
•towards the increased seed size. the mean seed size varied more than in the other populations. In general, the evidence suggests heterosis for large seed size for the chromosome section marked by the S-s locus.
DISCUSSION
The principal results of the present study can be summarised as follows: (i) seed size fluctuated sharply from year to year in each of the six populations studied; (2) these variations occurred despite the apparent stability of environmental conditions over seven years; (3) each population appeared to react uniquely to annual changes; (4) all genotypes within a population tended to react similarly in each years indicates that interactions did occur between specific genotypes and environment. In general, these specific interactions were slighter than the interactions between population genotypes and seasons. These results suggest that the overall variation in mean seed size is largely determined by a genetic background differing with population. Particular genotypes within a population may differ characteristically in mean seed size, but such differences tend to remain constant from environment to environment. Thus, the population genotype in large measure determines the entire reaction system and it is the main controlling force in determining response to environmental changes, including the response of any particular genotype within the system.
The consistent behaviour of genotypes within a population and year occurred despite considerable changes in population structure as the experiment progressed. Allard and Parsons (in press) showed that self-pollination of lima beans varies from about 90 to 97 per cent. and that homozygosity increases between the F2 and F8 generations approximately according to the model proposed by Hayman Furthermore, selective differences between alternative alleles at many loci undoubtedly led to substantial changes in gene frequency. The frequency of C, for example, was about in the F2 generation of each of the six populations, but by the F6 to F8 generations had increased to o8 or even higher, with a concomitant decrease in the frequency of c.
Although the present study demonstrates that striking genotypicenvironmental interactions characterise seed size in lima beans, previous studies have shown that seed size was stable for three inbred populations over four seasons (Allard, 1956 by subtle environmental influences occurring in differing years. Specific "genotypes ", as identified by marker genes conditioning easily recognisable seed-coat colour differences, tended to behave similarly within each population. Occasional inconsistencies indicated that interactions with environment occurred between different "genotypes" within the same population. The seeding rates used produced moderate competition between plants within a population. However, when competition between plants is eliminated by wide spacing, seed size remains constant over years; i.e. genotypic-environmental interactions do not occur. Thus, even under an apparently constant environment, seed size in lima beans is a complex character made up of complicated interactions between genotype and micro-environment.
There is some evidence that seed size is one of the components of fitness in lima beans. The apparently fortuitous seasonal fluctuations in seed size observed in this study may therefore be a mechanism contributing to genetic variance for fitness in populations of this species.
